Abstract The aims of this paper were to compare the predictive validity of three pressure ulcer (PU) risk scales-the Norton scale, the Braden scale, and the Waterlow scale-and to choose the most appropriate calculator for predicting PU risk in surgical wards of India. This is an observational prospective cohort study in a tertiary educational hospital in New Delhi among 100 surgical ward patients from April to July 2011. The main outcomes measured included sensitivity, specificity, positive predictive value (PVP) and negative predictive value (PVN), and the area under the curve of the receiver operating characteristic (ROC) curve of the three PU risk assessment scales. Based on the cutoff points found most appropriate in this study, the sensitivity, specificity, PVP, and PVN were as follows: the Norton scale (cutoff, 16) had the values of 95.6, 93.5, 44.8, and 98.6, respectively; the Braden scale (cutoff, 17) had values of 100, 89.6, 42.5, and 100, respectively; and the Waterlow scale (cutoff, 11) had 91.3, 84.4, 38.8, and 97, respectively. According to the ROC curve, the Norton scale is the most appropriate tool. Factors such as physical condition, activity, mobility, body mass index (BMI), nutrition, friction, and shear are extremely significant in determining risk of PU development (p<0.0001). The Norton scale is most effective in predicting PU risk in Indian surgical wards. BMI, mobility, activity, nutrition, friction, and shear are the most significant factors in Indian surgical ward settings with necessity for future comparison with established scales.
Introduction
The incidence of pressure ulcers (PUs) is much higher (12-66 %) for surgical patients (6-12 %) as compared to long-term care facilities (2.2-23.9 %) or acute care settings (0.4-38 %) [1, 2] . Pressure ulcers have been known to cause serious functional limitations, emotional burden [3] , considerable social and mental impacts, and a significant reduction in quality of life. Pressure ulcers cause pain, discomfort, and distress that are not always recognized or adequately treated [4] . They lead to complications such as osteomyelitis and sepsis, with the mortality rate of sepsis approaching 50 % [5] [6] [7] .
Studies show that treatment of PUs is about 2.5 times costlier than prevention [8] . The cost of treatment for one PU in the acute care settings has been reported to range from US $2,000 to US $30,000 [9] , with an average daily inpatient cost to the facility of US $80.42 [10] . It is estimated that around 95 % of PUs may be prevented [11] , with the primary method of prevention widely believed to be good nursing care [5, 12] .
Therefore, accurate identification of at-risk patients by a reliable and valid PU risk calculator is the first step to PU prevention. Of the 40 PU risk assessment scales (PURASs) available [13] [14] [15] , the Braden scale [6] , the Norton scale [16] , and the Waterlow scale [17] , having undergone validation in most parts of the world, are the most commonly adopted [18, 19] . In India, no evidence-based PU risk calculator is currently used in the clinical settings. Nurses rely on their clinical judgement to predict the risk of PU development and determine preventive nursing interventions. In this study, approximately 100 participants fulfilling the inclusion criteria were enrolled and assessed for their risk of developing PUs using the Norton, Braden, and Waterlow scales and followed up to check the applicability of these scales in our hospitals and decide on a suitable cutoff for the patient population characteristic of our surgical wards.
Aim
The aims of this study were to compare the predictive validity of three PU risk scales-the Norton scale, the Braden scale, and the Waterlow scale-and to choose the most appropriate calculator for predicting PU risk in surgical wards of India.
Methodology
This prospective observational cohort study was conducted in the general surgical wards of tertiary care hospitals in New Delhi after obtaining clearance from the Institutional Ethics Committee. The pilot study was conducted in February, enrolling ten patients. Based on its success, the rest of the study was carried out during the months from April to July 2011. As the design worked well, no changes were made in the original proposal and the patients of the pilot study were included in the major study.
All patients admitted to surgery units who qualified the age and the hours since admission criteria were approached for enrolment after obtaining informed consent. This was followed by a thorough skin assessment to ensure freedom from any preexisting pressure sores.
Inclusion Criteria
The inclusion criteria are the following: postoperative admission to the surgical ward within the last 24 h; age above 14 years; provision of informed consent; and no preexisting pressure sores at the time of enrolment.
Exclusion Criteria
The exclusion criteria are the following: postoperative admission to the surgical ward more than 24 h before enrolment; preexisting pressure sores at the time of enrolment; active skin disease that would interfere with PU assessment; hospital stay of <72 h; and physical constraints to skin assessment.
There were 240 admissions to the general surgical ward during the period of the study. Of these 100 patients, (which include the patients of the pilot study), fulfilling all the inclusion criteria were ultimately enrolled and assessed for the study.
The enrolled patients were assessed for their risk of development of pressure sores. The scoring was done by three independent assessors from the research team instead of the nurse involved in direct care of the patient to avoid certain sources of bias and error [20] . The assessors were trained in the scoring of their respective scales to ensure a high rate of accuracy. They used physical appraisal and chart review to determine the appropriate rating. The assessment was done within 24 h postoperatively for patients who underwent surgery. Patients who were on conservative treatments were also assessed within 24 h of admission to the ward.
Scoring by different scales was carried out independently and at separate times, and the assessors were blinded to each other's scores to prevent any bias. The Norton Plus scale uses five criteria to score patients: physical condition, mental condition, activity, mobility, and incontinence. It makes deductions in the Norton score for associated conditions such as diabetes, hypertension, fever, low hematocrit, low hemoglobin and albumin, and changes in mental status and concurrent use of five or more medications. A Norton Plus rating below 10 implies high risk, 11-15 implies moderate risk, and above 15 implies low risk of developing PUs.
The Braden scale is a summated rating scale made up of six subscales: activity, mobility, sensory perception, nutrition, moisture, and friction and shear. These measure functional capabilities of the patients that contribute to either higher intensity and duration of pressure or lower tissue tolerance for pressure. It is scored from 1 to 4 (1 for low level of functioning and 4 for the highest level or no impairment). The total scores range from 6 to 23. Patients with a total score of 15 or 16 are considered to be at mild risk, 13 or 14 equals moderate risk, and 12 or less equals high risk of developing PUs.
The Waterlow scale evaluates patients on age, sex, body build, appetite, continence of urine and feces, mobility, skin appearance in risk areas, and special risks (disorders associated with tissue malnutrition, neurological deficits, medication, recent surgery, or trauma). Scores are totalled to produce a summary score from 3 (best prognosis) to 45 (worst prognosis). Scores of 10+ denote risk of developing a PU, 15+ high risk, and 20+ very high risk.
After the initial scoring, the patients were inspected for the development of any PUs daily in the morning between 8A.M. and 11A.M. The occurrence of any PU was staged according to the National Pressure Ulcer Advisory Panel Staging System, and the characteristics of the ulcer were noted in terms of number and site, along with the date of development in the record sheet. Stage 1 ulcers were classified as present only if they were seen on two consecutive days to differentiate them from transient reactive hyperaemia. They were further observed for progression to higher stages by continuing skin assessments, along with other patients who had not yet developed any ulcers until discharge or transfer (or death in the case of one patient). The occurrence of ulcers was reported to the head nurse for provision of suitable measures.
Raw data were compiled in Microsoft excel sheets. Statistical tools available in Microsoft excel were used to analyze the data and calculate the sensitivity, specificity, positive predictive value (PVP), and negative predictive value (PVN). These parameters were then used for evaluating the predictive validity of each assessment scale. Cohen's kappa was calculated to assess inter-scale agreement.
Results
The sensitivity, specificity, PVP, and PVN of all the scales along with the generally accepted values of the cutoff scores in the literature are different from what we observed in our study (Table 1 ).
Figure 1 (Table 2) shows the performance of the Norton scale at different cutoff scores. The cutoff score of 16 seems to be the most appropriate for our settings as it gives high sensitivity (95.6) with reasonably high specificity (93.5), PVP (44.8), and PVN (98.6). For the Norton Plus scale, a cutoff score of 13 enhances the sensitivity (95.6) of the scale, but reduces the specificity (85.7) and has a PVP of 40 and a PVN of 98.5.
Figure 2 (Table 3) shows the performance of the Braden scale at different cutoff scores, with a cutoff score of 17 providing very high sensitivity (100) and reasonable specificity (89.6), PVP (42.5), and PVN (100).
Figure 3 (Table 4) shows the performance of the Waterlow scale at different cutoff scores, depicting a cutoff score of 11 to provide adequate sensitivity (91.3) as well as specificity (84.4), PVP (38.8), and PVN (97).
The receiver operating characteristic (ROC) curve plots the sensitivity against the specificity and is a widely used measure for the predictive utility of a scale. The ROC for all the scales based on our data is plotted in Fig. 4 . It shows that the Norton scale can provide the highest sensitivity without compromising the specificity. The Norton scale is hence the most appropriate tool to be used for risk assessment in our settings. On calculation of the Cohen's kappa values, the The physical conditions of patients graded as per the Norton scale, where 1 0bad, 2 0poor, 3 0fair, and 4 0good, showed that patients who developed PUs had an average score of 2.13 (SD00.55) as compared to an average score of 2.97 (SD00.51) in those without ulcers, making it an extremely significant factor for the development of PUs (p<0.0001; Table 5) The build of patients as coded by the Waterlow scale, where 00average BMI, 10above average BMI, 20obesity, and 30below-average BMI, showed that patients with PUs had an average score of 2.52 (SD00.90) as compared to an average score of 0.78 (SD01.17) of those without ulcers, making obesity and below average BMI extremely significant (p<0.0001) Mobility coded as in the Braden scale, where 10complete-ly immobile, 20very limited, 30slightly limited, and 40no limitation, showed that patients with PUs had an average score of 2.39 (SD00.66) as compared to an average score of 3.47 (SD00.58) in those without ulcers, making it an extremely significant factor (p<0.0001).
The activity of patients as per the Braden scale, where 10 bedfast, 20chair fast, 30walks occasionally, and 40walks frequently, showed that patients with PU development had an average score of 1.30 (SD00.76) as compared to an average score of 3.48 (SD00.82), making it an extremely significant factor (p<0.0001) The nutritional status of patients with and without PUs as per the Braden scale, where 10very poor, 20probably inadequate, 3 0adequate, and 4 0excellent, showed that patients with PU development had an average score of 1.17 (SD00.49) as compared to an average score of 2.04 (SD00.77) in those without ulcers, making it extremely significant (p<0.0001).
Friction and shear as per the Braden scale, where 10 problem, 20potential problem, and 30no apparent problem, showed that patients with PU development had an average score of 1.39 (SD00.58) as compared to an average score of 2.57 (SD00.51) in those without ulcers, making it extremely significant (p<0.0001). Table 6 shows the incidence of PUs in patients with specific conditions such as low albumin (41 %), more than five medications (46 %), diabetes (50 %) as per the Norton scale, and smoking (34 %) and more than 2 h on the OR table (82 %) as per the Waterlow scale. The incidence is much higher as compared to the general incidence of 23 %, proving them to be significant in PU development. Mental state, incontinence, and hematocrit turned out to be insignificant.
Discussion
The status of risk factors is likely to change over time, but repeat assessments of risk factors were not considered necessary because of the anticipated improvement in patients postsurgery, although they might have been helpful in defining these changes and the frequency with which risk assessments should be performed. However, because most PUs occur within the first few weeks in a health care facility [20] , identification of risk factors present on admission is critical for targeting appropriate preventive interventions [21] .
The specificity, sensitivity, PVP, and PVN were used as indicators of the accuracy and utility of the different risk assessment scales for comparison. At the values generally accepted in the literature, all scales show relatively high PVN and specificity, but low PVP and a slightly low sensitivity. Because all these parameters depend very strongly on the cutoff values used for predicting at-risk patients, the performance of all the scales at different cutoffs was analyzed and compared.
The performance of Norton Plus has been shown separately for the purpose of comparison with older studies as it has been a recent modification in the Norton scale. At lower cutoffs, specificity is high, but sensitivity is low. Because the Norton Plus scale is used only for assessing high-risk cases, high sensitivity is more important than specificity and, hence, a higher cutoff score is recommended. The reason for the lower sensitivity and specificity of the scales in the study could be due to the assessment done by the research team who have very limited contact with the patients rather than the nurses involved in direct care of the patient who may be able to rate the patients more accurately. Determination of more accurate values for sensitivity and specificity would require withholding preventive intervention and allowing PUs to develop in vulnerable patients. The cutoff scores that were optimal for this study turned out to be different from the generally accepted values in the literature; this may be due to inherent differences in our study population and the populations researched during in the development of these tools. The primary difference in the populations is likely to be in terms of gradually improving functional status in the surgical ward after operation or suitable conservative interventions as opposed to gradually deteriorating functional status in the typical long-term care facility. Whereas most of our subjects were short-stay patients with high functional status and low risk, others were high-risk patients with high level of dependence who stayed for longer periods; some even returned to the hospital or died.
In our study, the Norton and Braden scales appear to have a greater agreement with each other as compared with the Waterlow scale. Braden was also found to show good interobserver reliability in the Netherlands in the study by Bours et al. [22] . The Waterlow scale showed poor inter-observer reliability according to the study by Kelly [23] . It is possible that the Waterlow score is inherently less reliable than Norton or Braden, but other factors such as training on the use of the tool will affect the reliability.
Reduced mobility and activity turned out to be significant risk factors; this supports the study by Lindgren et al. [24] which showed immobility to be a major risk factor in hospitalized patients. In another such study, a significantly higher risk was found for patients with reduced mobility in the immediate postoperative period [25] .
The role of nutrition has been controversial in previous studies. Although this study supports poor nutrition as a risk factor, there may be confusion over how to assess nutrition. Being underweight and obese, as expected [26] , turned out to be significant predictors of PU development. Friction and shear were very significant, supporting the conceptual scheme of Kring [6] and Defloor [26] . Low albumin (<3.3 g/dL) was a significant risk factor for the development of PUs; it supports the studies by Papantonio et al. [27] , Lewicki et al. [25] , and Feuchtinger et al. [28] . Although the use of multiple drugs (more than five in our study) has been found to be significant in the development of PU by various studies, further research on the type of medications is needed. The role of smoking in the development of PUs has been controversial. Whereas one study [28] found smoking as a significant risk factor, another refuted it [29] . However, our study found smoking to be a significant risk factor, but further research on specifics such as duration, frequency, and amount of smoking needs to be conducted. Diabetics, as expected [28] , turned out to be at higher risk of ulcer development in our study, although the total number of diabetic patients was small, affecting the reliability of the statistics. A comparison of the Norton, Braden, and Waterlow scales has determined their applicability, which can be precisely used for the prevention of PUs and may lead to a significant reduction in the incidence and prevalence of PUs in Indian health care settings, hence saving costs of treatment. Because none of the scales are 100 % sensitive and specific, they should be adopted along with clinical judgement to predict PU development and in individualizing a turning, repositioning schedule and using pressure relieving aids for effective prevention. The sample size for this study was small; similar studies should be done with larger and randomized sampling to obtain more accurate, generalizable results.
Various departments should conduct their own studies to determine the optimal cutoff scores for their PURAS based on their patient population and care settings as the recommended cutoff scores vary based on different patient groups and different care settings [6] . The age structure in our study was comparatively younger as compared to most of other studies done in developed countries on older populations; further research on the risk factors affecting this age structure should be done. The relationship of the amount of time spent on the OR table, the use of preventive overlays, the degree and kind of manipulations, and the relationship of primary diagnosis with PU development should be explored to identify the exact risk factors applicable to Indian health care settings.
To conclude, the ROC for all the scales based on our data shows that the Norton scale can provide the highest sensitivity without compromising the specificity. The Norton scale is, hence, the most appropriate tool to be used for risk assessment in our settings. Physical condition, BMI, mobility, activity, nutrition, friction, and shear turned out to be very significant in the development of PUs in the Indian scenario. Low albumin, more than five medications, smoking, and diabetes had increased association with ulcer development in Indian surgical wards. These factors can be used to devise a specific PURAS for use in Indian surgical wards and can be further validated in future studies.
Although we tried for a sample representative of all types of patients admitted to general surgical wards, because of the informed consent of patients and organizational constraints, a selection bias might have occurred.
